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For GaN/AlN superlattices,one hasa quite different physicalsituationcomparedto the caseof
GaAs/AlAs superlattices:first, the layersaremutually straineddue to different lattice constantsand
thereis aninternalrelaxationof theatomiclayersat theinterfaces,second,theopticalphononbranches
partially overlap,andthird, thecommonanionis thelightestatom.Therefore,theuseof IR reflectance
or Ramanspectroscopy for thecharacterizationof thenitrideheterostructuresnecessitatestheknowledge
of thespecialvibrationalpropertiesof thenitridesuperlatticesandtheir straindependence.

We investigatethe straininfluenceon the structural,dielectric,andlattice-dynamicalpropertiesof
short-periodGaN/AlN superlatticesby meansof first-principlescalculations.Weconsiderboththecubic
[001] andhexagonal[0001]structures.Within theframework of thedensity-functional theory, thelocal-
densityapproximationanda plane-wave pseudopotentialmethod,the effect of the Ga3d electronsis
also taken into account. The dielectric and vibrational propertiesare determinedusing the density-
functional perturbationtheory. To study the strain influence,we assumepseudomorphicallystrained
layersandconsiderthreedifferentin-planelatticeconstantscorrespondingto bulk AlN, bulk GaN,and
anelasticallyrelaxedaveragevalue.

For a given primitive cell of the superlattice,the internal degreesof freedomconnectedwith the
relaxationof the atomsnearthe GaN/AlN interfacearetreatedby total energy minimizationto obtain
the relaxed structure,utilizing theHellmann-Feynmanforcesfor theatomicdisplacements.We obtain
geometricalarrangementsthat differ from the onespredictedby macroscopicelasticity theory. From
totalenergy calculationsfor strainedstructures,superlatticesandbulk materialsaswell asternarymixed
crystals,we obtain the formationenthalpy which allows to determinethe stability of the superlattice
structureswith differentorderingof thelayers.

Dueto thestrain-inducedshift of thebulk phonondispersions,thepartialoverlapof theLO branches
of GaN andAlN is enhancedfor the superlattices,giving an energetically separatedregion of all LO
modes.In agreementwith thepictureof foldedphonons,thereexist LO modesthatexhibit displacements
of thenitrogenatomsonly. TheTO modesregion is split into confinedAlN andGaNphonons,with an
interfacemodereachinginto thegap.Becauseof theoppositestrainbehaviour of thetransversalacoustic
phonons,theirbranchoverlapis reducedandTA modesconfinedto theAlN layersoccur.

With increasingin-planelattice constant,the optical modesandthe folded LA modesdecreasein
frequency, whereasthefoldedTA modesshift to higherfrequencies.This is completelyanalogousto the
behaviour of thebulk materialsunderbiaxial strain.For someadjacentacousticmodesof differentkind
thepossibilityof areversedorderof LA andTA modesis impliedunderdifferentstrainsituations.There
is a slight reductionof thegapbetweentheTO modes,andin thecubicstructuresthedownshift of the
LO modesis morepronouncedthanthatof theTO phonons.

Ourparticularinterestconcernstheangulardependenceof the
�

-pointphononmodeswhichhelpsto
characterizetheinfluenceof theinterfaces.All transversalphononssplit into adispersionlesstransversal
and an angular-dependentmodewith a mixed polarization,with the exceptionof an IR-active mode
whichexhibitsangulardispersiondespiteof its TO nature.Theangulardispersionof theinterfacemode
in theTO-gapregion is nearlyindependentof strain.Thevariationof theangulardependencewith strain,
i. e. thefrequency differencefor verticalandin-planepropagation,is strongerin thesuperlatticesbased
oncubiccrystalsandmostpronouncedfor theIR-activemodes(highestLO modeandcorrespondingTO
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mode).This is dueto a variationof thedynamicaldipolemomentP accompanying thevibration. In the
compressive caseof theAlN in-planelatticeconstant,thisvariationis largeandthesplittingbetweenthe
TO andtheLO modedependsstronglyon theangle,giving a pronouncedangulardispersionof theLO
mode. For the tensileGaN in-planelattice constant,the dynamicalpolarizationis nearlyconstantand
theLO modeshows significantlylessdispersion.

Thesimilaritiesanddifferencesto thecaseof superlatticeswith thicker materiallayersarediscussed
in termsof themacroscopicdielectriccontinuummodel.
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Angular dispersionof the � -point phononmodesof a ”cubic” (tetragonal)(GaN)2(AlN)2

[001] superlattice. � denotesthe anglebetweenthe c-axis of the superlatticeand the
phononpropagationdirection �q. The labeling”P” refersto thedynamicaldipolemoment,
�P ��� N	

= 1 ZB	�
 �u 	 (N: numberof atomsin theprimitivecell, ZB	 : tensorof theBorneffective
charge, �u 	 : vibration amplitude). The part of the superlattice(GaN or AlN) whereeach
vibrationdominatesis indicated.For � approaching90� , thedispersive GaN-confinedTO
modeinvolves both Ga and Al vibrationsand is polarizedin z direction, i.e. the atomic
displacementsarealongthec-axis.


